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ABSTRACT 


Tha  uaa  of  praprooasaora  and  daolaloa  aida  in  oonand,  control  and 
ooomunloation  (C*)  syataaa  la  naant  to  raduoa  tha  workload  of  individual 
daelalonaakars  and  inprova  tha  quality  of  an  organisation's 
daolalonaaklng.  An  infomation  thaomtlo  fraaawork  la  usad  to  nodal  tha 
daelalon  aida.  Thus*  it  baoonas  posaibla  to  avaluata  quantltativaly  tha 
affaot  a  daelalon  aid  has  on  tha  workload  of  a  daolsiotnakar  and  to  dariva 
naoaaaary  conditions  that  praprooasaora  (a  ganarlo  fora  of  daelalon  aids) 
oust  satisfy  In  order  that  they  raduoa  tha  huoan's  workload. 


CD 


UlUSZS  or  rWMCBSSOM  un  DKXSXOI  aids  ZM  OKUMZZmOlB 


Qlorla  l.'-L.  Cbyaa 
AlawndT  I.  LmrtM 

Laberatorr  for  Zafaraatiaa  aad  Oaelalaa  Syataaa 
Wiaaaahuaatta  ZaatitaCa  af  taoaaolaar,  Caabnaca.  HA  02159  OSA 


Abatraat:  Tba  oaa  af  prapraaaaaars  aad  daalaiaa  aida  ia  aoaaaad.  aeatrel  aad 
uonalaatlaa  (C*)  ayataaa  la  aaaat  ta  radaea  tba  warklaad  af  ladlvidnaL 
daalalaaaakara  aad  lapraaa  tba  qaallty  af  aa  crsaalaat1aa*a  daalsiaaaaklac.  Aa 
laforaatlaB  tbaaratia  fraaiiiarfc  ia  aaad  ta  aadal  tba  daalaiaa  alda,  Ttaoa,  It  baaoaas 
paaalbla  ta  avaluata  dBaatltatlvaXy  tba  affaat  a  daalaiaa  aid  baa  oa  tba  aarklaad  af 
a  daalalaaaakar  aad  ta  darltra  aaaaaaaiy  aaadltlaaa  that  orapraeaaaara  (a  caaarle  fara 
af  daalaiaa  alda)  aaat  aatlaff  la  ardar  that  tbay  radoaa  tba  baaaa'a  aarklaad. 

tomarda:  Daalaiaa  Alda.  Orgaataattaa  Thaary 


ZRMOaCTZM 

'3w  abjaetlaa  af  tba  raaaareb  oraaaatad  la 
tbla  papar  la  twafald:  (a)  ta  aaeaad  a 
aatbaaatloal  tbaary  of  arcaolaatlaaa  ta  laalada 
daalaiaa  alda  aad  (b)  ta  pravlda  aa  latarpratatlaa 
af  aoiia  raaaat  aaparlaaatal  raaa^ta  aa  ooltlpla 
taalrt,nt  af  daalalaoaabara.  Tba  aaifylac  aaoa^t  la 
that  af  a  prapraaaaaar  -  a  proaaaaar  laaatad 
bataaaa  tba  data  aaoraa  (ar  atloolua)  aad  tba 
altaatlaa  aaaaoaoaat  ataca  af  a  daalalaaaakar.  A 
alapla  daalaiaa  aid  aaa  ba  aadalad  by  aa  aataroal 
prapraaaaaar  whUa  far  latarpratlag  tba 
aaparlaaatal  raoalta  aa  lotaraal  prapraaaaaar  la 
latradaaad. 

Oaa  foaatlaa  af  daalaiaa  alda  la  ta  radaaa  a 
daaialaoaabor'a  warklaad.  Oaa  way  of  dal at  that  la 
by  pra-preaaaalBt  tba  Inaaatat  data.  Aoatbar 
oaabaalaa  la  ta  radtiea  tba  loput  rata  by  fUtorlat 
oat  Irralawaat  data.  Tbla  aawoa  praaaaalat 
raaoartaa  aad  looraoaaa  tba  tloa  avallabla  ta 
praaaaa  ladindoal  lapata.  Tba  daalalaaaakar  oaad 
attaad  ooly  ta  tba  algalfloaot  data  aad  tborafora. 
tba  ayatoa  parfanMoaa  la  aaboaaad. 

Tba  aodal  of  tba  buoaa  daalalaaaakar  uaad  la 
tbla  papar  la  tba  daaarlptlva  aaa  praoaatad  la 
Beattobar  aad  Larla  (IPU.  IPM)  aad  Larla  aad 
Baattebar  (1PB3).  Tba  aadal  af  tba  prapraaaaaar 
la  Uakad  ta  tba  daalalaaaakar  aodal  aa  that  Ita 
ability  to  radaea  tba  praaaaalat  workload  of  tba 
daalalaaaakar  oaa  ba  aoalyaad. 

Tba  baale  laforaatloa  tbaaratia  aodal  of  tba 
daalalaaaakar  ia  a  twa^tota  praaaaa  wltb  Hal  tad 
praaaaalat  oapoeltyt  it  la  lUoatratad  la  fit*  1. 
Tba  daelaloooakar  raealvaa  aa  laput  ayobal  z  froa 
bla  aorlreaaaat.  Zf  tba  lapat  ayabola  are 
gaaaratad  arary  r  aaeooda  aa  tba  araraca.  tbaa  t. 
tba  oaaa  ayabol  IntararriTal  tlaa.  ia  •  daaerlptlaa 
of  tba  taapa  of  oparatlooa.  Tba  altaatloa 
aaaaaaoaat  (SA>  atato  eoaolata  of  a  flalta  auabor 
of  wall-daflaad  dataroialatie  or  atoobaatio 
altorltboa  that  tba  daalalaaaakar  oaa  abooaa  froa 
to  praaaaa  tba  aaaaw  raaaat  z  aad  aotala  tba 
aaaaaaad  altaatloa  s.  Tba  lataraal  daelaloo  u  la 
tbla  ataga  ia  tba  eboieo  of  algeritba  f.  to  prooaaa 
z.  Tborafora.  aoeb  algaritba  ia  eaoaidarad  to  bo 


*1hla  work  waa  auppertad  by  tba  O.S.  Air  foraa 
Offlaa  af  Boiaatlflo  Booaareb  uadar  Coatraot 
AfOtt-M-OUP. 


oatlwa  or  iaoetlva.  dapaodlog  oa  tba  lataraal 
daalaiaa  atratogy  p(u).  Za  tba  raapoaaa  aaloatiaa 
(BS)  ataga.  whlob  la  olollar  ta  tba  altaatlaa 
aaaaaaaaat  ataga.  aaa  of  tba  algorltbaa  b.  la 
obagga  aaoardlag  ta  tba  raapoaaa  aaloatiaa  atratogy 
p(rla>  to  praaaaa  tba  altaatloa  aaaaaaoaat  a  lata 
aa  owroprlata  raapoaaa  y.  Slaoa  oa  laaralag  takoa 
plaao  darlat  tba  parforoaaoa  af  a  aaqaaaaa  of 
taaka.  tba  aaooaaalwa  walaoa  takoa  by  tba  voriabloa 
of  tba  aodal  aro  uaaarralatad.  l.a..  tba  aodal  ia 
aooorylaaa.  Haaaa.  all  lafonatloa  tbaoratlo 
oatpraaoloBa  la  tbla  papar  aro  oa  a  par  ayobal 
baala. 


Plgora  1.  Boalo  Nodal  of  Daolotanoalrlat  Praaaaa 

Tba  aodal  of  tba  daalalaaoaklag  proaoaa  abowa 
la  Fig.  1  aay  ba  w^wad  aa  a  oyatao  S  oaaolatlat  of 
two  awbayataoa.  aad  S~.  that  oorroapoad  to 
oaeb  oaa  of  tba  two  atogaa.  Tba  laput  to  tbla 
oyatao  S  la  z  aad  tba  output  ia  y.  Furtbaraora. 
lot  oaeb  olgontba  f^  oaatalo  wariablaa  daootad 

bf 


■  Cw^,  w^,...,  w^  1 


1  -  1.2 . 0  (1) 


mad  lot  oaeb  olgoritba  b,  oootaia  aj  vorlablao 
daootad  by 


W  ""J.  Iw  "♦J 


•j 


J  •  1.2 . V  (2) 


Zt  ia  tooiiaail  tbot  tba  algorltbaa  bava  oo  voriabloa 


-  p  for  idj  .  l.J  -  1.2 . (3» 

Tba  aubayataa  ia  doaoribad  by  a  aat  of 

worlablaa 

Approved  for  puMl«  ; 

distribution  unlimited. 


(4) 


•  («.  . A»» 

»**  •  Ct,  »l®*‘.....M®*^7l  W) 

Tha  foar  qoutltlM  stated  la  tbs  Partltloa  Lsh  of 
Zafarastlsa  (Coaaat.  1970  far  this  sfataa  S  oaa  ba 
aaalaatad  Hltb  tba  fOUoHias  raaolta. 

TbroBibPat; 

flj  -  T<*:7>  -  H(7)  -  a^(y)  (O 

blockaaa; 

0^  -  Ty(x:u.  w‘ . -  H(x)  -  (7) 

Za  tbls  eaaa.  layata  aat  raoniTad  ar  rajaatad  by 
tba  systaa  ara  aat  takaa  lata  asaaaat. 

balsa; 

0-  "  s“)  -  B(tt)  ♦  H.<t)  (O 

ax  ft 

Caardlaatlea; 


lataraal  daalalaa  atratatlaa  pla)  ar  p(rls).  XT 
tbara  la  aa  sNltahlab.  l.a..  if.  far  auapla 
p(e-l}«l  far  aaaa  1.  tbaa  I  «iU  ba  Idaatlaally 
aare  aad  Bq.  (10)  will  radaea  ta; 


0(“  -  *  H(s)  (14) 

0 


llaally.  tba  tatal  laferaatlea  praeasalat  aatinty 
af  tba  systaa  Q  la  glvaa  by 


0  -  8t  *  ®b  ^  ®a  ^  ®e* 


It  aaa  sarva  as  a  aaasura  af  tba  warklaad  af  tbs 
daelalsaaskar  la  aariTlDB  sat  this  task.  (Boattabar 
aad  una.  IPKt) 

Iba  papar  baa  baaa  argaalxad  aa  fallawa.  Zn 
tba  aaxt  aaetlaa.  tba  baala  aedal  of  prapraeaasara 
aad  daalalaa  aids  la  latrsdasad.  tba  prapraeasaar 
aedal  la  aaaasatad  ta  tba  daelaloaaakar  aodal  far 
ayataa  avaluatlaa.  i  aoaarlaal  axaapla  la  prevldad 
ta  llluatrata  tba  utility  af  a  praprasasaar  la  a 
daelaiaaaaklnB  ayataa.  Alas,  (uidellasa  far  tba 
rela  af  praprasaaaara  la  daalalaBaaklas  syataaa 
ara  davalspad.  Za  tba  flaal  aastlaa  tba  quastlaa 
af  baw  a  prapraeasaar  aaa  faelUtata  dual-task 
preeaaalac  by  a  daalalaaaakar  la  lavastlcatad  by 
faraalatlat  twa  aarslsaa  af  a  dual-task  prsblaa. 
■ad  analyalat  aaa  af  tbaa. 


0  -  T(u;w*:,..:w^^x;T;y)  -  O***  <»**♦  t(a**:S?*) 

O  •  Am  q  o 


(») 


wbara 


0 

of  -  J  Ip^bJ  (p(x))  ♦  a^l(p^)l  ♦  l(s)  (10) 

1*1 


y 

of  -  5  IPjbf  ^(p(ala-J))  ♦  sjb(Pj)l  ♦  H(y)  (U) 
J-1 


T(S**  :  s“)  -  B(z)  (U) 


Tba  quantity  B(x)  daaataa  tba  satrapy  af  tba  raadea 
Tarlabla  x  aad  Bj|(y)  la  tba  saadltlaaal  aatmpy  af 
y  wbsa  x  la  (Ivaa.  Tba  axprsaalaa  far  0^  abava 
that  It  dapaads  aa  betb  lataraal  atratatlas  p(tt) 
aad  p(als).  ,.la  tba  ^baystaa  aasrdlaatlaa 
axpraaaleas  0^^  aad  O*".  p,  aad  p.  are. 
raapaetlvaly  tba  prababllltlaa  uat  alsarlibaa  f. 
aad  b.  bars  baaa  salaetad,  l.a..  p^*p(u*l)  aad 
p,-p(y*J).  The  quantities  ^  raprasaat  tba 
latamal  caardlaatlaa  af  tba  aarraapaadlag 
alcarltbaa  and  dapaad  aa  tba  probability 
dlstrlbutloaa  af  thair  raspeotira  Inputs.  Tba 
quantity  B  la  tba  aatropy  af  a  Baraaulll  raadoa 
varlabla  with  paraastar  p: 


B(p)  •  -  p  lac  P  -  (1-p)  las  (1-p)  (U) 


Bq.  (9)  states  that  tba  tatal  aaerdlaatlan  la  tba 

ayataa  S  aaa  ba  axpraasad  as  tba  aua  af  tba 

lataraal  asardlaatlsa  witain  aaab  subaystaa  slvaa 
by  Bqa.  (10)  aad  (11)  aad  tba  saardlnatlaa  due  to 
tba  lataraetlaa  batwaaa  tba  two  aubaystaas  gxvaa  by 
Bq.  (11), 

Tba  subaystaa  saardlnatlaa  aaaslata  of  tarns 
raflaatlag  tba  praaaaa*  of  switablas  due  to  tba 


TBB  PBB9BOCXSSOB  NOOBL 

A  prapraeasaar  (99)  la  looatad  batwaaa  a  aaurea 
aad  a  daalalaaaakar  (BN).  Za  tbs  alaplaat  aaaa 
oaasldarad  bars  tba  99  aparatas  aa  tba 

daalalaaaakar' a  Input  aarlabla  aalyi  haaoa.  tbs  99 
ooaalata  of  a  alsBla  alsarltba  far  prailalaary 
prweaaal  ng  af  tba  Input.  Zt  ylalda  a  SA  daolalay 
atrataiy.  p(uix> .  aad  anaariaai  a  aadlflad  input  x 
ta  tba  BN.  Caaaaquaatly.  If  tbs  fwaotloa  af  a  99 
la  spaalflad.  l.a..  tba  alcorltha  aad  tba 

latareoaaaetloas  of  tba  lataraal  varlahlsa.  tba 
aatlvlty  wltbla  tba  99  la  aaaputabla.  just  Ilka  far 
tba  atbar  alcarltbaa  within  tbs  BA  aad  IS  stafsa  of 
tbs  ON  nodal. 

A  aiapla  axaapla  of  a  99  lUustratas  baw  tba 
varleus  aotlvlty  tans  aaa  ba  eanputad  for  a 
apaalflad  alcerltba  with  wall-daflaad  lataraal 
varlaUas.  Tba  fuaetloa  of  tba  prapraeasaar  la 
this  axaapla  la  ta  raduaa  tba  warklaad  of  tba 
daelsleanaksr  by  proaaaslas  aaaa  of  tba  data  bafora 
they  ara  raaalrad  by  tba  ON.  Za  order  to  araluata 
tba  utility  af  tba  99.  two  dlffaraat  daelaloaaaklac 
syataaa.  sbewa  la  Flfa.  1  aad  3.  ara  ooanldarad. 

Tba  first  ooa  rapraaaata  aa  uaaldad  ON  while 
tba  saeead  ooa  rapraaaata  a  OH  with  a  praprasasaar. 
Tba  SNa  la  both  syataaa  la  Idaatloal  atrueturas  aad 
aldorltbas.  Tba  99  la  tba  aaooad  systaa  la  aa 
aidorltba  tbat  parforaa  the  aaaa  fuaetloa  aa  the  SA 
stags  of  tba  first  ON  systaa.  Slaaa  tba  99  la  just 
aa  algorltba  wltbout  any  daelaloBaaklBC 
oapablllty,  the  SA  stags  of  tba  first  DM  ayataa  baa 
ta  aaploy  a  purs  strategy,  l.a..  tba  sans  algorltba 
la  always  aalaotad  ta  proeaaa  tba  arrtrlag  inputs. 
Oadar  auab  oeadltlons.  tba  daaialoanaklng  proaasa 
in  both  systaas  ar*  idaatloal.  Za  ardor  to  allow 
tba  two  systaas  ta  da  tba  aaaa  task  with  tba  aaaa 
parforaaaea.  as  tbat  tba  aotlaity  ar  workload  oaa 
b*  ooaparad  properly,  tba  algeritbas  wltbla  tba 
preosaaas  ar*  aaauaad  to  b*  dotaralalatle  aad  thair 
output  distributions  p(y)  idaatleal.  Tba  latter 
result  will  b*  aaaursd.  If  tba  IS  stags  la  the  DM 
of  both  systaas  baa  tba  aaaa  input  diatributiea 
p(x)  aad  daalaloa  stratagy  p(vIb).  Siaa*  tba 
aaooad  ayataa  baa  oxaoutad  th*  SA  Job  within  its 
preproaasaer.  Ita  SA  ataga  alaply  traaanita  its 
input  ta  aa  idaatity  algoritba  aa  that  ta* 


AlatrttaUM  »(s)  mtfeia  botli  ay»tws  tiill  to 
ItoaUMl. 


FlCMT*  2.  iMla  BN  Bystoa 

mu  aaok  a  praaaMtm  satop.  Um  toe  ayatoM 
earry  oat  the  aaae  taak  aith  tto  aaaa  parforaaaoa. 
le  daaoastrato  tto  attlity  af  tto  PP  la  tto  aooeaa 
ayataa.  tto  total  aatlvlty  althla  aaat  ayatoa  toa 
to  to  ovalaataO. 


Plsura  3.  lidad  BH  Syataa 


Ut: 

0^  ■  iotlTlty  Mltola  Plrat  Syataa  (Ida) 

•  » 


0^  ♦  0^  ■  Satlolty  Mltola  Baooad  Syataa  (Xdb) 

Htora  Oj  la  tto  total  aatlvlty  wlto  aatoyataa  1. 

Tto  axpraaalea  far  toa  total  aetlTlty  of  a 
daalslaaaakar  la  slooa  by: 

n  0 

-  H(a)-»B(a)  ♦  J  J  ^ 

1-1  1-1 

y  y 

♦  5  Pjg®*^(p(al»-J))  ♦Jo]  «Pj)  ♦  H(y)  ♦  B(z) 
J-1  J-1 

(17> 

Slaea  toa  raapoaaa  salaotloa  praeaaa.  laput 
dlatrltotlea  p<x)  and  daalaloa  atratagy  pivlx)  of 
tto  BS  ataga  la  toto  ayataaa  ara  aaauaad  idaotiaal. 
tto  aatiTlty  Mltola  toa  SS  ataga  of  toa  tao  ayataaa 
la  toa  aaaa.  daaotad  by  0^. 

y  y 

0jl5  ■  ♦  J  Pj  g®^^(p(al»-J))  ♦  J  •]  WPjJ 

4-1  J-1 

*  B(y)  *  B(x)  (IS) 

Iowa  Mat  tto  para  atratagy  la  toa  SA  ataga  of 


tto  flrat  ayataa  la  aaab  toat  tto  1*”  algarltto  la 
alMaya  aalaetad  (l.o..  p(M-l)-l)  itoraaa  la  toa 
aooaad  ayataa  toa  flrat  algoritoa.  aklaii  la  aa 
Idaatlty  algarltto.  la  alMaya  aalaatad.  Itea  tto 
aatlTlty  af  aaah  daolalonaakar  la  tto  tea  ayataaa 
la  ottalaad  froa  tto  axproaalaaa  la  Iqa.  (17)  aad 
(IS) 


OqK  -  H(z)  ♦  Sg  ♦  H(x)  *  (>1,  (ISa) 


-  B(x*)  ♦  g‘  ♦  B(x)  ♦  (IPb) 


Tto  prapreoaaaer  la  tto  aaaead  ayataa  oaaalata  af  a 
alaglo  algarltto  alttovt  aay  daalaloaaaklag 
oapablllty.  Tto  algarltoa  la  tola  aaaa  la 
idaatlaal  ta  tto  1^  algoritoa  of  tto  SI  atago. 
toaaa  tto  aatlvlty  wltola  toa  PP  la  alaply 


•  B(x)  *  g^  (20) 


Tto  faaatloa  of  toa  Idaatlty  algarltto  la  to 
traaoalt  Ita  lapat  ta  Ita  output  ultoaut  aay 
lataraal  praeoaalng.  Ttorofara,  toara  la  oely  oaa 
output  variable  a  Hblob  dupUeataa  tto  laput  valua 
z  aad  toara  ara  aa  lataraal  varlablaa.  Ita  lataraal 
oaordlaatlaa  la  toaa 


g‘  -  T(ptx)  -  0  (21) 


Slaea  tto  lataraal  oaordlaatlaa  of  aay  aaatrlvlal 
algoritoa  (l.o*.  atoar  toaa  tto  Idaatlty  algarltto) 
la  graatar  toaa  aara.  g;  >  0.  it  fallOHa  toat 

gj  >  g‘  (22) 


61vaa  toat  toa  PP  oaatalaa  a  dataralalatlo 
algarltto  wltoant  aay  doalalaoHlclag  oapablllty, 
toaa 


8(z)  >  B(x'l  >  0.  (23) 


leoordlag  to  Iqa.  (IPa)  ta  (23),  tto  foUoHlag  tuo 
laodualltlaa  will  alwaya  bo  valid. 


Proa  too  axproaaioaa  of  too  total  aetlvlty  wltola 
too  two  OH  ayataaa  given  la  Eqa.  (IS)  and  (IS),  too 
laa<|ualltloa  la  Eqa.  (24)  and  (2S)  ataow  toat  ovoa 
tooiigb  tto  workload  of  tto  flrat  ayataa  la  loaa 
toaa  toat  of  tto  aoeoad  ayataa,  tto  proaoaeo  of  toe 
PP  aaicaa  tto  workload  of  tto  aaooad  doelaleoaakor 
to  to  loaa  toaa  toat  of  too  flrat  oaa.  Thla  roault 
oatabllatoa  a  propreooaaor'a  ability  to  radueo  too 
aetlvlty  of  a  daolalenaator.  Ttorafora,  daalaloa 
alda  toat  parfora  part  of  tto  altuatloa  aaaaaaaaat. 
a.g.,  aoaa  of  tto  algaal  preoaaalag.  are  ladoad 
uaoful  dovleaa.  baoauao  ttoy  raduoo  aoaa  of  too 
daolalonaakar 'a  preoaaalag  load. 

THE  OOAI^TISS  PBOBLBI 

Aaottor  appUeatloa  of  too  proprooaaaar 
faelUtato  a  daolalonaakar  la  haadllag 


la  ta 
two 


Jj  ■  p(l#B')UlZj) 


J  •  A.> 


(27) 


ofloauTMtt  taaks.  Uhm  tba  MaaiiM  of  porfiwoiwi 
la  proparly  Oaflaai)  ttao  ayataa  parforaaaoa  of  tita 
4aal*taak  oaao  oaa  ba  oeaparod  vitii  ttat  of  aiaslo~ 
taak  oaao. 


Tmo  vanaata  of  tho  Ooal-taak  probloa  havo 
baoa  Xavoat2(aea(t  (Cbyaa.  IfM).  Oaa  la  tba 
aaqnaatlal  4aal-taak  preblaa  la  ahloh  lapata  of  two 
tflffaraat  taaka  arrlro  oaa  aftar  aaetbar  la  a 
aaqnaatlal  aaaaar.  lha  otbar  la  ttaa  parallol  daal- 
taak  problaa  la  waiab  lapata  of  tba  two  taaka 
arrlvo  la  parallol  la  a  ayaakroaoaa  aaaaar.  fOr  tba 
alacla-taak  oaao.  tko  lapat  arrlTal  rata  will  ba 
Idaatleal  to  tba  rata  of  tba  daal**taak  oaaa  la 
ardor  to  ooapara  preporly  tba  two  workloada. 

Za  tbla  aoatloa.  tbo  aaqaaBtlal  daal-taak 
preblaa  la  tba  ooataat  of  a  alaqla  daalalaaaakar 
aldad  by  a  praprooaaaor  will  ba  fOraalatad  aad  tbaa 
aaalyaod  to  dataratao  tbo  affaot  that  aaaeatlas  two 
aoB-ayaarglatle  taaka  oaa  ha«o  oa  ayataa 
parforaaaoa. 


Tba  aodal  of  tbo  aaqnaatlal  dnal-taak 
prooaaalac  abowa  la  fig.  4  ooaalata  of  a 
praprooaaaor  aad  a  doolaloaaakar. 


ftcara  4.  Saqoaatlal  Oaal-fbak  Prooaaalad  Madal 

Tba  lapat  a  of  tba  ayataa  any  ba  fraa  taak  A  wltb 
lapat  alpbabat  Z..  ar  taak  •  wlbh  lapat  alpbabat 
Z,.  Tba  ff  ataalaan  aaob  ladindaal  lapat  to 
diatlasBiab  tba  taak  to  wblob  tba  partloalar  lapat 
balo^.  Zf  It  la  a  taak  A  lapat.  thoa  tba  PP  alU 
ylald  a  daolaloo  atratogy  p(n.)  partalalag  to  taM 
A  to  tba  ON  for  prooaaalag  tba  lapntt  otbarwlaa 
atratogy  p<ag)  partalalag  to  taak  I  will  ba 
gaaaratad. 

Tbaaa  daolaloa  atratogloa  ara  tba  rarlablaa 

datarwlalag  ayataa  aotinty  aad  ayataa  parforwawna. 
A  para  or  dotoralalatlo  atratogy  aoaoa  that  a 
apo^flo  algerltba  la  alwaya  oboaoa  to  proooaa  tba 
lapata  froa  tbat  partloalar  taak.  A  aiaad  or 
atoobaatlo  atratogy  la  oaa  obtalaod  aa  a  ooavos 
ocablaatloa  of  para  atrataglaa.  Za  ordar  to 
amplify  tba  aaalyala  tbat  followa.  It  la  aaauaad 
tbat  tbara  ara  only  two  para  atrataglaa  awallablo 
for  aaob  ladlwldaal  taak.  Hbaa  tba  fonr  para 
atrataglaa  of  tba  two  taaka  ara  daaotod  by  aS.  a]^. 
ug.  u^.  tba  aUcad  atrataglaa  aad  wg  of  tba  two 
taaka  oaa  ba  wrlttaa  aa  fuaatloaa  of  daolaloo 
atratogy  paraaatara  4^^  or  A^  wblob  oorraapoad  to 
tba  probabllltlaa  of  aaploylag  pura  atrataglaa  «][ 
aad  U3  roapaecivaly. 


Zf  tbo  parforaaaoa  aaaoaro.  aralaatad  wbaa  a  para 
atratogy  la  la  affaot.  la  daaotod  by  aad  J*. 
roopaotlTOly.  tbaa  tba  qnaatltlaa  aad  Jg  oaa  ba 
rowrlttoa  aa  fbaotloaa  of  tba  paraaatara  A.  aad  Ag 
tbat  apoolfy  tba  daolaloa  atratogloa  Og  aao  og: 


Jj(Aj)  -  Aj4*  ♦  J  -  A.8  (2g) 


lew  tbo  aaoaaro  of  ororall  parf  ornaaoo  for  tba 
ayataa  oaa  bo  doflaad  by  tba  probability  of 
a  taak  A  error  or  a  taak  I  error.  Zf  a  m  tbo 
probability  of  tba  ayataa  prooaaalag  taak  A  lapata. 
tbaa  by  aaonalng  orrora  oa  both  taaka  to  bo  equally 
dotrlaaatal  tbo  ayataa  parforaaaoa  J  oaa  bo  wrlttaa 


J(a)  -  a  Jg(A^)  *■  (l-«>Jg(A|}  0  i  a  i  1  (2P) 


Orapbloally.  for  a  flxod  a.  tba  ayataa  parforaaaoa 
J  oaa  bo  plotted  aa  a  tilted  plaaa  wltb  boaodarloa 
at  tba  plaaaa  Ag-0  aol  1  aad  Ag-0  aad  1.  Tbo  plaaa 
la  tbo  A-dlaaaaloaal  apooa  (J.A.,Ag)  la  abowa  la 
Plg>  ». 


Figaro  S.  Total  Parforaaaoa  Varaua  Daomioa 
Strategy  Paraaatara  Ag  aol  Ag 

Tba  total  aouwlty  of  tba  ayataa  for  alagla- 
taak  prooaaalag  la  a  ooofoa  ftaaatloa  of  tba 
daolaloa  atratogy  paraaatara  Ag  aad  Ag.  wboroaa 
tbat  of  dual-taak  prooaaalag  la  a  oeovox  fuaotioa 
of  tbo  took  dinaloa  poraaatar  a  aa  wall  aa  tba 
daolaloa  atratogy  paraaatara  A.  aad  Ag.  Tba 
ooraxlty  of  tba  ayataa  aotlrlty  (f  la  a  aa  wall  aa 
la  Ag  aad  Ag  baa  boon  daoooatratad  by  Ball  (1PA2). 


Uj  -  AjU*  ♦  0  i  Aj  i  1  J-A.l  <M) 


Oj(A  )  >  A^  Oj  ♦  J  ■ 


Agala.  for  tba  aaka  of  alapUelty.  only  tba 
daolaloa  atrataglaa  of  tba  SA  ataga  are  eooaldarod. 
Tba  altnatloa  aaaaaaaaat  rariabla  a  la  the  ayataa 
output. 

Olwaa  tbat  s'  la  tba  daalrad  daolaloa 
roapoaaa.  tba  parfomaaoa  J  of  a  doolalooaaklag 
took  oaa  ba  daflaad  aa  tba  probability  of  error  m 
dotamlalag  a.  Siaoa  two  taaks  ara  bolog 
par  fa  food,  tbalr  aoaauroa  of  parforaaaoa  Jg  aad  Jg 
am  doflaad  oa  tba  probabllltlaa  of  error  la 
asaoutlag  took  A  aad  taak  I  mapaotlwaly. 


0(a)  >  «  Oj^(A^)  4-  (l-a)ag(A^)  (31) 


A  tjrploal  grapb  of  0  for  a  flaod  s  la  abowa  la 
PU><. 

Tba  systoa  aatiwlty  or  workload  la  Fig*  <  la  a 
ourwad  bouadad  aurfaea  wltb  four  ooroam  (aoaawbat 
like  a  teat).  Mbaa.  for  a  flsad  a.  4  la  plotad 
^alaat  0,  paraaatrtoally  with  mapaot  to  (Ag.Ag) 
tbo  parfomaaaa-workload  looua  for  tba  wbola  syatoa 
oaa  ba  aoaatmotad. 


Jf*-- 


■  V'M-  4r^  > 


-  •  ta  alimys  kapt.  thaa  <IHi  plota  alaliar 

UmS  la  na.  *  aaa  ba  dnaa  far  aaab  *alaa  of 


to  UMt  la  n(.  t  aaa  ba  drawa  for  aaeb  *alao  of 
a.  To  dlaplay  all  thaaa  4-0  plata  la  aaob  a  fOiaat 
tbat  tba  parforaaaoa  of  alagla-taak  prooaaalag  aad 
daal-taak  proeaaalac  aaa  ba  aoaparad.  0  aaa  bo 
plattad  la  a  polar  ooardlaata  plaaa  Mltb  Ita  radial 
ooordlaata  balag  tba  apataa  parforaaaaa  J  aad  tha 
amalar  oaordlaata  balag  propertleaal  to  tba  taak 
dlTlaloa  paraaatar  a.  l.o.. 


•  a  [0.  |)  a  •  [0.1] 


ngaro  d.  fatal  Harkload  Taraoa  Oaolaloa 
Stratagp  taraaatara  0^^  aad  Og 

TO  alapllfy  tba  ooaatrootloa  of  tba  loeaa.  bat 
wltboot  aay  laaa  of  gaooralltp.  It  la  aaaaaad  tbat 
0.  ■  O3  -  0.  1.0..  both  taak  1  aad  taak  B  aaplop 
tfia  aaaa  nilo  la  dawlalonaaklng  (bat  tba  aaataat  of 
tha  doolaloaa  aap  bo  dlffaroat).  for  aaaapla.  If 
tbara  aro  foar  algorltbaa  f^.  f,.  f,.  aad  la  tba 
DM.  tba  para  atrataglaa  of  tha  too  taaka  aaa  bo 
daflaad  aa  oiplortag  dlffaroat  algorltbaa.  Bor 
laataaco.  for  taak  At  ai  aaaao  ofIi  o!  aaana  a^li 


laataaco.  for  taak  At  aaana  ofIi  aaana  a^li 

ablla  for  taak  Bt  og  aaana  a^  aad  aaana  ii-4. 
Thaa  tha  alaad  atrataglaa.  o.  aad  a.,  nil  haoo  tba 
aaaa  fora  bat  dlfforau  ooatant  la  tba 
daolaleaaaklag  prooaaa. 


J  *  A.B 


a  *  (O/b/2). 


Tharaforo.  a  typleal  4-0  plot  of  tha  ayataa 
for  all  poaalbla  valuaa  of  a  aay  look  Ilka  tba 
oarrad  aarfaoo  la  ng.  9  ahlob  maaablaa  part  of 
tbo  aarfaoo  aroa  of  a  toroid  with  oarrad  adgaa. 
Zta  adgaa  at  AH>  aad  Aal  aro  oarrad  apwarl  aith 
raapoat  to  0  baoaaaa.  for  a  partloolar  daolalon 
atratagy.  tba  ayataa  aotinty  0  la  a  ooarax 
faaotloa  of  tba  taak  dlrlaloa  paraaatar  a.  Tha 
otbar  tno  adgaa  of  tba  oarrad  aarfaoo  la  fig.  9  aro 
tba  4-0  Plata  for  tba  alagla  taak  prooaaalag.  Tba 
projaatloa  of  tbo  aarfaoo  oa  tba  4-a  plaaa  will  bo 
a  oarrod  aroa  la  tba  abapa  of  a  qaartar  toroid  aa 
aboaa  la  Pig.  10. 


A  u*  ♦  (l-A)a* 


With  aaob  a  fonaOatloa.  fig.  d  alll  dai 
lato  tba  2-diJwaalooal  plot  ahom  la  fig.  T 


G>«; 


{j;jb;i 


J(a«0) 

flgaro  9. 


flgaro  7.  Horklood  Taraaa  Oaolaloa  Stratagy 
famaatar  A 

Tharaforo.  tbo  4-0  plot  of  tbo  ayataa  for  a  fUad 
a  oaa  bo  drawa  paraaatrloally  nth  raapoat  to  A 
(fig.  I). 


ij-q* - 4.0  \ 
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Syatoa  Uorkload  farfomaaoa  Lool  of 
"T  Taak  Dlrlaloa  faraaatar  a. 


Nhoa  tbo  ayataa  aablblta  booadad  rationality 
bobarlor.  tba  plana  of  tba  aotlrlty  tbroahold  0  aay 
out  through  tbo  ourrod  aurfaea  la  fig.  9.  Tba 
aurfaoa  abora  tba  out  oorraapoada  to  tba  ragloa 
abara  tha  uorkload  aaoaada  tba  bouadad  rationality 
ooaatralat.  Tba  raaalBlag  aurfhoa  rapraaaata  tba 
ragloa  with  adalaalblo  atrataglaa.  Tba  projaotloa 
of  tba  rMOlalag  aurfaea  oa  tba  4-o  plaaa  will 
allow  oooparlaoa  of  parforaaaoa  batwaan  alngla-taak 
prooaaalag  aad  dual-taak  prooaaalng.  Dapaadlag  on 
tba  aoaarloal  apaolfloatlona  of  tba  problaa.  tha 
projaotlon  of  tba  region  tbat  ramlta  frea 
adalaalblo  atrataglaa  aay  looa  Ilka  Fig.  11. 


jS*Tj  **j; 


flgura  t.  Syatan  Uorkload  Parfomaaoa  Looua 

Xf  for  all  tba  dlffaroat  rolatlra  taak 
fraquanalaa.  l.a..  0  i  a  £  1.  tha  aaauaptiao 


I 


figure  10.  Frojaottea  of  Fig.  9  oa  the  J-a  Plaaa 
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A  pr»yrBo>««or  oaa  alao  bm  iiMtf  to  fMAUtoto 
o  iloni  itnnoilrT  la  haartlliig  a  tfual’-taak.  Aueh  a 
propfoooiaor  ftiaotloao  m  a  aaCoaiag  alcoritta  to 
yiald  appropriato  Oaolaloa  atrataclaa  for 
prooaaatap  too  klada  of  l^to.  Zt  baa  booa  abona 
that  a  Ooolalonaalfor  oarrylaK  out  a  dual-task 
oaaaot  parfora  aap  battor  thaa  uboa  ka  aaooutos  a 
aiaglo  task.  Zbla  la  duo  to  tka  roadjaataaat 
offort  roquirod  kf  tko  doslaloaaakor  to  kaadlo  tka 
difforoat,  BBB-iyaaiiiUtlQ  tasks.  Tka  aaalytleal 
rasults  prouldo  aa  latorprotatioa  of  roooat 
asporlaaatal  roaults. 


Plcaro  U.  PreJaotlOB  of  Looua  Duo  to  Adalaalklo 
Stratoglos  oa  tka  J-*  plaao. 

Tka  loeua  la  Plc.  11  la  oktalaod  tgr 
ooualdorlaK  a  plaao  of  ooaataat  0  la  Flc.  f  tkat  la 
akoao  tko  W  kouadary  of  tko  aurfkaa  aad 

lataraoota  tko  kouadary.  Tkla  u  lUuatratod 
la  Flc.  11.  POr  A-O.S.  a  larfa  ooatral  topaoat  of 
tko  O-o  ourvo  oaaooda  tko  tkroakold  lovol  fl-. 
Booanao  of  tko  ooavaaity  of  tka  4-u  ounroa.  tao 
*^«*<ir***  ao0Mat  la  doftaad  ky  tka  latorval 
(a^.a,).  lladlarly.  a  tigwat  of  tka  A-«  ourvo. 
tko  a^.d  oarvo.  aad  tko  oaao  far  latoraadlato 
raluoa  of  A.  aro  ollalaatad.  Ihla  raaulta  la  tko 
akapo  akouB  la  Flc.  11. 


Tka  aala  fooua  of  tkla  papor  waa  to  proaoat 
aodala  of  prapropotaora  aad  aotkoda  for  tkolr 
aaalysls.  Tkla  ooastltutaa  tka  first  stop  la  tka 
daaalopaaat  of  a  aatkaaatloal  tboonr  aad  prooodaroa 
far  tko  of  doolaloa  alda.  ladaod,  aovaral 
alaplo  aaooaaary  aoadltloaa  kaao  booa  dorlrod  that 
doolaloa  alda  auat  satisfy,  if  tkolr  offoet  la  aat 
to  bo  dotrlaaatal  to  tko  doolaloaaakar.  l.o..  If 
tkaiy  aro  aat  to  oauoa  docradatloa  of  a 
doolalooaaJtsr'a  porfanaaaoo. 


Boottokar.  K.  U  aad  A.  H.  Lovla  (IPtl). 
tko  latoraotlai  OoolaloaBakor  witk  louadod 
latloaallty.  na  Tr«««-  —  Brataaa.  Haa.  aad 

Crkoraotloa.  Tol.  SMD-12.  Mo.  S. 

Boottakar.  K.  L.  aad  tovla  (IBBS).  HadallaB  aad 
of  Tkaaa  of  Zatoraotlat  Doslsloaaakora 
Hltk  Bouadod  BatloaaUty.  Aatoaatloa.  Bal.  ».  Be.d. 

Chyoa.  B.-L.(1BB4}.  Xkfamatlaa  Thsoratlo  Madala  of 
Praprooaaeara  aad  Baalaloa  Alda.  MB  Thaols.  LZOS- 
n-lBTT.  takaratary  far  Zafaraatlao  aad  Doolaloa 
Ipstoas.  Mn. 


flsuro  12.  O-o  ounroa  for  aarlous  raluoa  of  A 

Zt  oaa  ko  akoanrad  la  PK*  A1  tkat  uador  tka 
ooaatralat  of  kauadod  ratloaallty  (0  i  0,.).  tko 
daolaloaoakor  dolas  a  alaclo.  or  alaoot  a  alaslo 
taak.  aokloooa  a  mdor  raaio  of  porforaoBOo  Tsluoa. 
laaludlad  tko  optlaaa  oasa.  Tkla  la  ondooood  ky 
tka  looua  aaar  tka  aaoa  o^  aad  a*!.  Hkaa  kotk 
tasks  kaao  to  ba  oarrlad  out.  tka  raaia  of  Tsluoa 
of  tko  porforaaaBa  la  aaallart  oaay  of  tka  battor 
valuas  aro  aoc  aekioTakla.  Busk  a  daflelaaoy  oaa 
ba  oaplalaod  ky  tka  aaad  for  astro  tlaa  aad  oaorgy 
for  a  daclaloooakar  to  adjust  la  kaodliac  a 
difforoat  taak.  Baaoa.  la  soaaral.  a  doolsloaaakar 
parforas  battor  la  prooasalai  a  aladlo  taak  tkaa 
prooaaalaB  tuo  difforoat  tasks  la  aaquaaoo.  aooa 
tkougk  tka  laoaalad  task  rata  for  both  oaaaa  aro 
tka  aaoa.  Tkaaa  roaults.  baaad  oa  tka  aaalytloal 
aodal.  aro  ooaslataat  wltk  tko  osporiBaatal  roaults 
oktalaod  by  Colly  aad  Oroltaar  (IPtl)  aad  prevlda  a 
plaualbla  latorprotatioa  for  tko  obaanrod 
docradatloa  of  parforaaaoa. 
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Oaa  of  tko  uaaa  of  a  proprooassor  la  to  roduoo 
tka  workload  la  tka  altuatloo  assasaaoot  staca  of  a 
daolaloosakar  by  prooassioc  tko  Input  data. 
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